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Title of "the Inven-bion 

Separator for a fuel cell and a me-thod of producing the 

same 

5 Background of the Invention 

1 . Field of the Invention 

The present invention relates to a separator for a fuel 
cell which is mainly used as a cell for an electric vehicle, 
and also to a method of producing the separator, and more 

10 particularly to a separator for a fuel cell of the solid poly- 
mer electrolyte type or the phosphoric acid type, and also to 
a method of producing the separator. In a fuel cell of such 
a type, a unit cell which is a unit constituting the cell is 
configured by: sandwiching a gas diffusion electrode having 

15 a sandwich structure wlierein an electrolyte membrane config- 
ured by an ion exchange membrane, between an anode and a cath- 
ode; sandwiching the gas diffusion electrode between separa- 
tors; and forming fuel gas passages and oxidant gas passages 
between the separators , and the anode and the cathode . 

20 

2 . Description of the Prior Art 

In a fuel cell, a fuel gas containing hydrogen is sup- 
plied to an anode, and an oxidant gas containing oxygen is 
supplied to a cathode, so that, in the anode and the cathode, 
2 5 electrochemical reactions indicated by the formulae: 
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H2 ^ 2tf. + 2e (1) 

(l/2)02l+ 2H + 2e ^ H2O (2) 
occur ^ and. In the whole of "the cell, an elecbrochemlcal reac- 
tion indicatefi by the formula: 

H2 + (l/a)02 H2O (3) 
proceeds . The\ chemical energy of the fuel is directly con- 
verted into an \ electrical energy, with the result that the 
cell can exert predetermined performance. 

A separator \ for a fuel cell of the solid polymer electro- 
lyte type or the vphosphoric acid type that is a kind of fuel 
cell in which such\ energy conversion is conducted is requested 
to be gas -impermeable, and also to be made of an electrically 
conductive materials As a material meeting the requirements, 
conventionally, an elLectrically conductive resin is used. An 
electrically conductiye resin is a coinj>lex which is configured 
by bonding graphite (fcarbon) powder by means of a thenaoset- 
ting resin such as phenol resin, or a so-called bondcarbon 
(resin-bonded carbon) compound. A separator for a fuel cell 
is configured by forming such a bondcarbon compound into a 
predetermined shape. 

Conventionally, a separator for a fuel cell having a 
predetermined shape is formed by using such a bondcarbon com- 
pound in the following manner. With respect to the composi- 
tion ratio of a thermosetting resin such as phenol resin and 
graphite powder, 25 to 40 wu.% of the thermosetting resin is 



used as an adequate con-tent: In consideration of moldabili'ty 
and workability of the bondcarbon compound. 

In a conventional separator for a fuel cell which is 
configured by using a bondcarbon compound of such composition 
ratios, the content of a thermosetting resin serving as an 
electrically insulating material is large, and hence the con- 
ductivity of the separator itself is lowered so that the elec- 
trical resistance is increased. This is not preferable from 
the viewpoint of the performance of a fuel cell . 

In order to improve \the conductivity of a separator for 
a fuel cell which is configured by using a bondcarbon com- 
pound, it may be contezaplaned that the content of a thermoset- 
ting resin is reduced as far as possible, and graphite powder 
of excellent crystallinity and having less impurities such as 

A T A 

ash is selectively used. When the content of a/ thermosetting 
resin is reduced, however, \elongation and fluidity of the 
bondcarbon compound during a molding process are lowered, and 
the moldability is impaired. \ln order to improve the conduc- 
tivity of a separator, furthermore, it is required to use 
graphite powder of excellent crW"stallinity . However, graphite 
powder of excellent crystallinity is usually poor in wettabil- 
ity and bondability to a resin .1 When graphite powder of ex- 
cellent crystallinity is used, therefore, a larger resin con- 
tent is required. As a result ,\ a uniform separator is ob- 
tained more hardly as the resin ciontent is smaller. 
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This will be described in more det:ail . With respect to 
a volume resistivity serving as an index of the conductivity 
of a separator which largely affects the performance of a fuel 
cell, it is requested to develop a separator having a volume 
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resistivity of 1 x 10 Q-cm or lower. In order to obtain a 

separator of a volume resistivity of such a degree, the resin 
content in the composition ratio with respect to graphite must 
be reduced to 15 wt.% or less. When the resin content is 
reduced to 15 wt.% or less, however, elongation and fluidity 
of the bondcarbon compound are lowered, and, when the resin 
content is smaller than 3 wt.%, the bondcarbon compound has 
substantially no fluidity. In the case where a bondcarbon 
compound of a resin content of 15 wt.% or less is used, even 
when the compound is charged into a heated mold, therefore. 



cause the lack of the resin content causes the molten compound 
to exert insufficient fluidity. As a result, even when a 
molding pressure higher than a usual pressure or 5 to 10 MPa 
is applied, uneven molding easily occurs depending on the 
charging state of the compound, and a molded member (separa- 
tor) which is normal in shape cannot be sometimes obtained. 

Summary of the Invention 

The present invention has been conducted in view of the 
above-mentioned circumstances. It is an object of the inven- 
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tion to provide a sepazjator for a fuel cell which can be 

d predetermined shape while a good 
reducing the resin content so as 



formed into a uniform ai 
conductivity is ensured 
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to suppress the volume reststivity to 1 x 10 Q"cm or lower. 

It is another object of the invention to provide a method 
of producing a separator for a fuel cell wherein^ even when 
a molding material in which the resin content is small , and 
which is therefore low in elpngation and fluidity is used, the 
molding material can extend rto every corner of a mold so that 
the separator having a uniform and correct shape that is free 
from molding unevenness, and ^ good conductivity can be surely 
produced . 

In order to attain the object, the separator for a fuel 
cell of the invention is a separator for a fuel cell consist- 

A 1 (\ 

ing of a complex which is configured by bonding graphite pow- 
der by means of a thermosetting resin, and characterized in 
that, in the complex, a composition ratio of the graphite 
powder is set to 85 to 97 wt.%\ a composition ratio of the 
thermosetting resin is set to 31 to 15 wt.%, and an average 
particle diameter of the graphite^ powder is set to a range of 
15 to 125 jjm, and the complex is Wolded at a pressure of 10 



-tor-^iWT&a. 

Preferably, the composition ratio of the thermosetting 
resin in the complex is set to a range of 4 to 9 wt.%, and the 
average particle diameter of the graphite powder is set to a 
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range of 40 to 100 |jp. Preferably, the molding pressure of 
the complex is set to a range of 20 to 50 MPa. 

In order to meet \the above-mentioned demands for develop- 
ment, the inventors ofl the invention have conducted intensive 
studies on a separ ator \ f or a fuel cell which is configured by 
using a bondcarbon conippund, and finally found that the volume 
resistivity serving as Ian element which largely affects the 
performance of a fuel cell is determined not only by the com- 
position ratios of a resin and graphite powder, but also by 
the average diameter of ibhe graphite powder, and the molding 
pressure, and that the size of the average diameter of the 
graphite powder is closeiLy related not only to the voliome 
resistivity, but also to the fluidity, moldability, and 
strength of the compound. Based on this finding, the coraposi- 
tion ratios of a resin and draphite powder, the average' diame- 
ter of the graphite powder, and the molding pressure have been 
respectively set to the above-mentioned ranges, thereby com- 
pleting the invention. \ 

According to the thus configured invention, as the graph- 
ite powder which is the one composition of the complex and 
which largely affects the volume resistivity, graphitie powder 
in which the average diameter is set to a range of 15 to 125 
Jim, preferably, 40 to 100 \m is used, the thermosetting resin 
which is the other composition \of the complex, and which 
largely affects the fluidity, \the moldability, and the 
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strength is reduced to 3 to 15 wt.%, and a high molding pres- 
sure of 10 to 100 MPa is applied to the complex to increase 
the mold density, whereby the voliome resistivity of the com- 
plex, and therefore that of the separator are lowered, so that 
5 elongation and fluidity of the complex serving as a molding 
material can be enhanced while improving the conductivity of 
the complex. As a result, the invention attains an effect 
that, even when graphite powder of excellent crystallinity is 
used, the compound can surely extend to every corner of a mold 
10 so that a uniform separator of a desired shape can be surely 
obtained, and the performance of a fuel cell can be remarkably 
improved . 

The method of producing a separator for a fuel cell ac- 
cording to the invention is a method of producing a separator 

15 i£^r a solid polymer electrolyte^/'type fuel cell configured by ^ 
molding a complex in which composition ratios are set to 85 
to 97 wt.% of graphite powder, and 3 to 15 wt.% of a thermo- 
setting resin, and an average diameter of the graphite powder 
is set to a range of 15 to 125 fjm, and characterized in that 

2 0 the complex is previously cold-molded into a shape similar to 
a final molded shape, the preliminary molded member is then 
placed in a mold, and the preliminasry molded member is molded 
into the final shape by applying a pressure of 10 to 100 MPa. 
Preferably, the composition ratio of the thermosetting 

2 5 resin in the complex is set to a range of 4 to 9 wt.%, and the 



average par'bicle diameter of the graphite powder is set to a 
range of 40 to 100 |jm. Preferably, the molding pressure of 
the complex is set to a range of 20 to 50 MPa. 

The shape similar to a final molded shape means that the 
dimensions other than those in the direction of the molding 
pressure are similar to corresponding ones of the final molded 
member. Preferably, dimensions of the preliminary molded 
member in the direction of the molding pressure are set to be 
about 1.0 to about 2 . 0 times dimensions of the final molded 
member. When such a preliminary molded member is used, the 
mold density and the volume resistivity can be further im- 
proved . 

According to the production method of the invention hav- 
ing the above-described molding means, the two-step molding 
is employed^herein a complex (bondcarbon ^compound) in which 
elongation and fluidity are lowered and moldability is im- 
paired by reduction of the resin content which is performed 
in order to lower the voliame resistivity and enhance the con- 
ductivity is previously cold-molded into a shape similar to 
the final molded shape, and the preliminary molded member is 
placed in a mold and then molded into the final shape by ap- 
plying a high molding pressure of 10 to 100 MPa. Even when 
a complex (molding material) which is low in elongation and 
fluidity is used, therefore, the compound can surely extend 
to every corner of the mold so as to eliminate molding uneven- 



ness, and be uniformly charged into iihe mold so as to Increase 
the mold density. As a result, the conductivity can be made 
very excellent by reduction of the volume resistivity, and 
furthermore it is possible to surely obtain a uniform separa- 
tor which is correct also in shape. 

In the separator for a fuel cell and the method of pro- 
ducing a separator for a fuel oell according to the invention, 
particularly, it is preferable \to set the molding pressure of 
the con^lex to a range of 20 to pO MPa. The molding pressure, 
and the mold density and the volume resistivity have the cor- 
relation shovm in Fig. 5. At a \molding pressure in a range 
of 5 to 10 MPa which is usually u^ed in the conventional art, 
both the mold density and the voluii^e resistivity fail to reach 
values which are required in a separator for a fuel cell . By 
contrast, when the molding pressure is set to a range iof 20 
to 50 MPa, both the mold density and the volume resistivity 
are stabilized to substantially constant values . When the 
molding pressure is set to 20 MPa at t(he minimum, it is possi- 
ble to obtain a separator of a good conductivity. 

In the method of producing a separator for a fuel cell 
according to the invention, a final molding temperature of the 
complex is preferably set to a range of 150 to 170°C. When 
molding is conducted in this temperature range, the moldabil- 
ity such as elongation and fluidity in molding of the complex 
in which elongation and fluidity are small because of the 



reduced resin contient: can be compensated so that a separator 
of a predetermined shape can be obtained. 

As the thermosetting resin which is useful in the inven- 
tion^ phenol resin which is excellent in wettability with 
respect to graphite powder may be most preferably used. Al- 
ternatively, any other resin such as polycarbodiimide resin, 
epoxy resin, furfuryl alcohol resin, urea resin, melamine 
resin, unsaturated polyester resin, or alkyd resin may be used 
as far as the resin causes a thermosetting reaction when the 
resin is heated, and is stable against the operating tempera- 
ture of the fuel cell and components of the supplied gasses . 

As the graphite powder which is useful in the invention, 
powder of graphite of any 1 kind, including natural graphite, 
\^rtificial graphite, carbonj black , kish graphite, and expanded 
/graphite may be used. In cpnsideration of conditions such as 



the cost, the kind can be arbitrarily selected. In the case 
where expanded graphite is lised, particularly, a layer struc- 
ture is formed by expanding) the volume of the graphite as a 
result of heating. When trie molding pressure is applied, 
layers can twine together tolbe firmly bonded to one another. 
Therefore, expanded graphite is effective in a complex in 
which the ratio of a thermosetting resin is to be reduced. 

Other objects and effects of the invention will be clari- 
fied in embodiments which will be described below. 
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Brief Description of -bhe Drawings 

Fig. 1 is an exploded perspective view showing the con- 
figuration of a stack structure constituting a solid polymer 
electrolyte type fuel cell which has the separator of the 
invention ; 

Fig. 2 is an external front view of the separator in the 
solid polymer electrolyte type fuel cell; 

Fig. 3 is an enlarged section view of main portions and 
showing the configuration of a unit cell which is a unit con- 
stituting the solid polymer electrolyte type fuel cell; 

Fig. 4A is k view illustrating a step of producing the 
separator, and Fig.\ 4B is a view illustrating the manner of 
the production; and 

Fig. 5 is a view\ showing correlation between the molding 
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15 /pressure, and {the volime resistivity and the mold density in 
the production of a separator in Embodiment 2 , 



Preferred Embodiments of the Invention 

Hereinafter, embodiments of the invention will be de- 
20 scribed with reference to the accompanying drawings. 

First, the configuration and the operation of a solid 
polymer electrolyte type fuel cell having the separator of the 
invention will be briefly described with reference to Figs . 
1 to 3. 

25 The solid polymer electrolyte type fuel cell 20 has a 
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stack structure in wtich plural unit cells 5 are stacked and 
collector plates (noti shown) are respectively placed on both 
the ends. Each of the\unit cells 5 is configured by: an elec- 
trolyte membrane 1 which is an ion exchange membrane made of, 
for example, a fluororesin; an anode 2 and a cathode 3 which 
are formed by carbon cloxh woven of carbon filaments, carbon 
paper, or carbon felt, ^d which sandwich the electrolyte 
membrane 1 to constitute a gas diffusion electrode having a 
sandwich structure; and separators 4 which sandwich the sand- 
wich structure. 

In each of the separators 4, as shown in Fig. 2, fuel gas 
holes 6 and 7 for a fuel gas containing hydrogen, oxidant gas 
holes 8 and 9 for an oxidant gas containing oxygen, and a 
coolant water hole 10 are formed in the peripheral area. When 
plural unit cells 5 are stacked, the holes 6, 7, 8, 9, and 10 
of the separators 4 of the unit cells constitute holes passing 
through the fuel cell 20 in the longitudinal direction to form 
a fuel gas supply manifold, a fuel gas discharge manifold, an 
oxidant gas supply manifold, an oxidant gas discharge mani- 
fold, and a coolant water passage, respectively. 

As shown in Fig. 3, a large number of ribs 11 having a 
predetermined shape are protrudingly formed on the surfaces 
of the separators 4 which sandwich the electrolyte membrane 
1, the anode 2, and the cathode 3. Fuel gas passages 12 are 
formed between the ribs 11 of one of the separators 4 and the 
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surface of the anode 2. Oxidant gas passages 13 are formed 
between the ribs 11 of the other separator 4 and the surface 
of the cathode 3 . 

In the solid polymer electrolyte type fuel cell 20 con- 
5 figured as a stack structure in which plural unit cells 5 are 
stacked and the collector plates are respectively placed on 
both the ends, the fuel gas which is supplied from an external 
fuel gas supplying device to the fuel cell 20, and which con- 
•j2 tains hydrogen is then supplied into the fuel gas passages 12 

fll 10 of each unit cell 5 via the fuel gas supply manifold to cause 
W the electrochemical reaction indicated by formula (1) above, 

''^ on the side of the anode 2 of the unit cell 5 . After the 

7^ reaction, the fuel gas is discharged to the outside via the 

nj fuel gas passages 12 of the unit cell 5 and the fuel gas dis- 

p 15 charge manifold. At the same timO) the oxidant gas (air) 
which is supplied from an external oxidant gas supplying de- 
vice to the fuel cell 20, and which contains oxygen is then 
supplied into the oxidant gas passages 13 of each unit cell 
5 via the oxidant gas supply manifold to cause the electro- 
20 chemical reaction indicated by formula (2) above, on the side 
of the cathode 3 of the unit cell 5. After the reaction, the 
oxidant gas is discharged to the outside via the oxidant gas 
passages 13 of the unit cell 5 and the oxidant gas discharge 
manifold. 

2 5 In accordance with the electrochemical reactions of for- 
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mulae (1) and (2) I above, in the whole of the fuel cell 20, the 
electrochemical reaction indicated by the formula (3) pro- 
ceeds, so that the\ chemical energy of the fuel is directly 
converted into an electrical energy, with the result that the 
cell can exert predetermined performance. Because of the 
characteristics of the electrolyte membrane 1 , the fuel cell 
20 is operated in a t^aperature range of about 80 to 100°C, 
and hence involves heat\generation . During operation of the 
fuel cell 20, therefore \ coolant water is supplied from an 
external coolant water supplying device to the fuel cell 20, 
and the coolant water is circulated through the coolant water 
passage, thereby preventing the temperature of the interior 
of the fuel cell 20 from beYng raised. 

Each of the separators 4 in the solid polymer electrolyte 
type fuel cell 20 which is configured and operates as de- 
scribed above is produced in the following manner. A method 
of producing the separator will be described with reference 
to Figs. 4A and 4B. The separator 4 is molded by using 

a complex (bondcarbon) in which the composition ratios are set 
to 85 to 97 wt.%, preferably, 91 to 96 wt.% of graphite pow- 
der, and 3 to 15 wt.%, preferably, 4 to 9 wt.% of a thermoset- 
ting resin. The graphite powder and the thermosetting resin 
are uniformly mixed with each other and adjusted to produce 
a predetermined compound (step SlOO) . While applying a pres- 
sure in a range of 2 to 10 MPa to the compound, the compound 
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is previously cold-molded into a shape similar to a final 
molded shape (step SlOl) . As shown in Fig. 4B, the prelimi- 
nary molded member is then placed in a mold 14 having a prede- 
termined final shape (step S102) . Under this state, the mold 
5 14 is heated to 150 to 170°C, and a pressing machine which is 
not shown is operated to apply a pressure in a range of 10 to 
100 MPa, preferably, 20 to 50 MPa in the direction of the 
arrow f in Fig. 4B (step SI 03) , thereby producing the sepa- 
p rator 4 having the final shape which corresponds to the shape 

'-XI 

gi 10 of the mold 14 (step S104) . 
p In the separator 4 which is produced as described above, 

^ with respect to the composition ratios of the bondcarbon con- 

stituting the separator 4, the amount of the thermosetting 
resin is as small as 3 to 15 wt.% (preferably, 4 to 9 wt.%), 
15 and hence the bondcarbon^ itself has a high conductivity. 

After the compound of the bondcarbon is preliminary molded 
into a shape similar to the final molded shape, the prelimi- 
nary molded member is placed in the mold 14, and a high mold- 
ing pressure of 10 to 100 MPa (preferably, 20 to 50 MPa) is 
2 0 then applied to the member while heating the mold to 150 to 
170°C. Therefore, the thermosetting resin melts and a thermo- 
setting reaction occurs, with the result that the preliminary 
molded member can be uniformly molded into the separator 4 in 
which the mold density is high and the volume resistivity is 
2 5 low, and which has a predetermined shape. 



As a synergis'tlc effect of reducing -the resin content, 
using graphite powder in which the average particle diameter 
is set to 15 to 125 )jjn, preferably, 40 to 100 |jm, and raising 
the molding pressure, it is possible to obtain the separator 
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4 in which the volume resistivity is 1 x 10 Q-cm or lower 

and the conductivity is therefore higher. 

Hereinafter, the invention will be described in more 
detail by way of embodiments . 

<Comparison Example> 

A bondcarbon compound having composition ratios of 62 
wt.% of artificial graphite SGS-35 (a product of SEC Co. Ltd.) 
having an average particle diameter of 10 jjm or less, and 38 
wt.% of phenol resin was prepared. The compound was charged 
into a mold. A molding pressure of-s 10 MPa was applied to the 



thereby producing a separator of a predetermined shape. 
<Embodiment 1> 

A bondcarbon compound having composition ratios of 85 
wt.% of natural graphite SN-IOOC (a product of SEC Co. Ltd.) 
having an average particle diameter in a range of 40 to 100 
[4m, and 15 wt.% of phenol resin was prepared. The compound 
was directly charged into a mold. A molding pressure of 10 
to 100 MPa was applied to the compound for 2 minutes at a 
molding temperature of 160°C, thereby producing a separator 
of a predetermined shape . 





for 2 minutes at a molding temperature of 160°C, 



<Einbodiment 2> 

A bondcarbon compound having composition ratios of 94 
wt.% of natural graphite SN-IOOC (a product of SEC Co. Ltd.) 
having an average particle diameter in a range of 40 to 100 
|jm, and 6 wt.% of phenol resin was prepared. The confound was 
cold-molded by applying a molding pressure of 5 MPa, into a 
shape similar to a final molded shape. The tablet-like solid 
compound was placed in a mold. A molding pressure of 25 MPa 
was applied to the compound for 2 minutes at a molding tem- 
perature of 160°C, thereby producing a separator of a prede- 
termined shape . 

<Embodiment 3> 

A bondcarbon compound having composition ratios of 94 
wt.% of artificial graphite SGP-100 (a product of SEC Co. 
Ltd.) having an average particle diameter^ in a range of 40 to 
100 \m, and 6 wt.% of phenol resin was prepared. The compound 
was cold-molded by applying a molding pressure of 10 MPa, into 
a shape similar to a final molded shape. The tablet-like 
solid compound was placed in a mold. A molding pressure of 
50 MPa was applied to the compound for 2 minutes at a molding 
temperature of 160°C, thereby producing a separator of a pre- 
determined shape. 

The volume resistivities and bending strengths of the 
separators which were produced in the comparison example and 
Embodiments 1 to 3 were measured. The results are listed in 



Table 1 below. 



Table 1 



\. Sample 

Measurement 

item \. 


Comparison 
example 


Embodi- 
ment 1 


Embodi- 
ment 2 


Embodi- 
ment 3 


Volume resistivity 
(Q'cm) 


3.5 X 10"^ 


5.8 X 10"^ 


2.9 X 10"^ 


4.8 X 10'^ 


Bending strength 

2 

(kgf/cm ) 


400 


440 


360 


310 



5 



As seen also from the results listed in Table] 1 above, 
as compared with the separator of the comparison example which 
was produced by using graphite powder having an average parti- 
cle diameter of 10 )im or less, increasing the resin content, 

0 and lowering the molding pressure, the separators of Embodi- 
ments 1 to 3 of the invention which were produced by using 
graphite powder having an average particle diameter in a range 
of 40 to 100 Jim, reducing the resin content, and raising the 
molding pressure have a higher mold density while ensuring a 

5 bending strength which is equivalent to or not lower than that 
of the comparison example . In the separators of the embodi- 
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1116X11:8, therefore, the volume resistivity can be lowered so 
that the conductivity can be improved. 

In the case where the resin content is set to the maximum 
of the range, or 15 wt.%, elongation and fluidity are less 
5 reduced. As shown in Embodiment 1, therefore, the preliminary 
molding may be eliminated, the compound may be directly 
charged into a mold, and a molding pressure of 10 to 100 MPa 
or higher may be applied, whereby a separator which has a good 
conductivity as intended and is uniform can be produced with 
10 high productivity. 




